LINEAR IMAGE SENSOR 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a linear image sensor, 
and more particularly to a linear image sensor that is capable 
of reducing a layout area. 

2. Description of the Related Art 

As a conventional technique, JP 07-226495 A discloses a 
linear image sensor in which a shutter structure is provided 
between photodiode arrays. FIG. 1 shows an example of an overall 
construction of such a linear image sensor having an electric 
shutter structure between photodiode arrays. FIG. 2 is a 
cross-sectional view taken along the line C-C of FIG. 1 and 
is a channel potential diagram thereof. 

In this linear image sensor, electric charges 
photoelectrical^ converted by and accumulated in each 
photodiode of photodiode arrays 101a and 101b are read by readout 
gates 102a and 102b into CCD shift registers 103a and 103b that 
are respectively adjacent to the readout gates 102a and 102b. 
The electric charges read into the CCD shift registers 103a and 
103b are sequentially transferred by the CCD shift registers 
103a and 103b that perform two-phase (01, 02) driving and are 
outputted to the outside by output circuits 104a and 104b. The 
output circuits 104a and 104b are each formed of a signal charge 
detection unit and an analog circuit such as a source follower 
circuit or an inverter. Here, the signal charge detection unit 
is formed of a floating diffusion region and converts signal 



charges into a signal voltage. 

On the other hand, in the linear image sensor, shutter 
gat es 105a and 105, are positioned on a side opposite to the 
re adout gates 102a and 102* with the photodiode arrays 101a and 
10 lb in-hetween. The shutter gates 105a and 105, discharge the 
el ectric charges photoelectrical^ converted hy and accumulated 
in each photodiode of the photodiode arrays 101a and 101b to 
„ 'nl06 thereby performing adjustment of an exposure 
a shutter drain 10b, tnereuy p 

time period. 

„ h ere the photodiode arrays 101a and 1.1b that are each for-ned 

ar e each forced o f a polycrystailine silicon electrode 114b 
the CCD shift listers 103a ana 103b that are each fox— of 
. polycrystalline silicon electrode 114a and an N -type regron 
U0 and the shutter drain 106 forced o£ an N-type region 
are provided on a P-weU 108 f or.ed on an N-type silicon substrate 
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A1 so, in FIG. 2, reference numeral 113 denotes a thecal 
oxid ation f il-nd reference numeral 116 indicates an i^terlayer 
ln3ul ating film. Here, a Gallic wiring made of aluminum or 
the U*e for supplying an input doc, signal to each of the 
polycrystalUne silicon electrodes 114a and 114b is omitted 
b ecause the Gallic wiring is not reguired for explanation of 

the present invention. 

Mh en a color linear image sensor is constructed, three 
Unear image sensors having the construction described above 



I* 

^ fhP N-tvpe silicon 
, h narallel to each other on the N ryp 
are provided parallel 

n ^ *\ i tprs having different coiui ^ 

substrat :;:::: : : ^---^ 

blue, red) are resp e 

f ,hP three linear image sensors, m 
101a and 101b of the three 

, i c ^ _ n exposure amount (produci: 01 

i voltaoe of an image sensor is prop 
10 th e output signal voltage ^ ^ 

to an exposure amount (product 

, • h, receiving portion and an accumulation time p 
on a light-receiving fche 

fhe PXDO sure amount exceeds a cerrai 
Once the exposur incapab ie of increasing any more . 

i .mitaae becomes incapaDic u 
output signal voltage £> increa sing any more is 

» - — — — 1 - e* os.e — 

norfa "saturation output voltage 
called 3 satui. , d "saturation 

givin g the sanation outpot vo.ta. - * 
<-» As this value increases, 

^-f +-he imaqe sensor. 
* i-hP oerformance of tne iuu»y 

b ^saturation output voUa.es o £ the three Unear rmage 
25 above, the satur , or £ilte rs become the same unless 

-sots ptoviaeawith the co^ U ^ ^ 

the sizes of the photodrodes or 

lnt entionally changed or the maximum s ig nal voltage 



are intentionally changed in respective output circuits. 

Also, as described above, it is preferable that the 
saturation output voltages are increased as much as possible 
from the viewpoint of the performance of the color image sensor. 
5 Therefore, it is natural that the same saturation output voltage 
is set for the three colors. In the case of the color linear 
image sensor described above, however, the output sensitivities 
(output signal voltages/exposure amounts) of RGB outputs are 
usually not the same. Further, even if the RGB outputs have 

10 the same sensitivity under a certain light source, when the light 
source to be used is changed, differences may occur in sensitivity 
among the RGB outputs . Accordingly, in general, relationships 
shown in FIG. 3 exist between the exposure amounts and the signal 
output voltages in the color linear image sensor. FIG. 3 shows 

15 a case where among the RGB output s , the green output has the maximum 
sensitivity and the blue output has the minimum sensitivity. 

As can be seen from FIG. 3, although the RGB outputs 
originally have the same saturation output voltage Vsat, it is 
impossible to increase output values of the red and blue outputs 

20 above VsaR and VsaB, respectively, with the green output having 
the maximum sensitivity. This is because when this color linear 
image sensor is used while exceeding a saturation exposure amount 
SEG (exposure amount giving the saturation output voltage of 
the green output) , the green output exceeds the saturation output 

25 voltage and it becomes impossible to obtain normal green image 
data. Also, there is a fear in that signal charges may overflow 
from the photodiode portion or the CCD shift register related 
to the green output and flow to other photodiode portions or 



CCD shift registers related to the refining two coiors, thereby 
causing coior mixture. In either ease, in this example, the 
gre en output has the maximum substantia! saturation output 
voltage and the blue output has the minimum substantia! 
s saturation output voltage, which leads to a situation where 
di££ erences ocour in dynamic range among respective colors and 

an influence is exerted on image quality. 

i~i ™ a ehutter structure has 
In view of this problem, a shutter 

conventionally been used, as described above. With this 

l0 construction, it becomes possible to independently control the 

accumulation ti,e periods for the RGB colors while setting the 

- for these colors. A driving method used xn 
same light amount for these coxo 

justing driving pulses applied to the shutter gates for 
15 respective colors, an optimum exposure amount is obtained for 
each color and it becomes possible to use the linear image sensor 
until a saturation output voltage common to the three colors 
is reached. 

Mh en a linear image sensor having two photodiode arrays 
2 „ is provided with the shutter structure described in the above 
conventional example between the photodiodes in order to improve 
MTF between the photodiodes or the lixe. there is a case where 
a distance between the two photodiode arrays becomes a problem. 
I„ a scanner or a copying machine using a linear image 
25 sensor, the linear image sensor is mechanically scanned in an 
auxiliary scanning direction that is perpendicular to a mam 
scanning direction in which photodiode arrays are provided . In 
ord er to obtain image information of a predetermined area of 



. select, after the first photodiode array finishes scannr 
the predetermined area of the sublet, it is necessary to 
exte Llly store infection until the second P hoto d io d e array 
finish essoa„n i n g t h epre d eter mi ne d areaan d toperfor m a 1 „ 

5 an d signal processing on the information. As a result, rt 
is necessary to use an external memory. 

In a linear image sensor of 10600-pixel olass that 
app ne d to a high-resolution scanner or copying machine for 
ln tance, when a gray scale .gradation between blacx and whrte 
10 : expressed using 12 hits, the capacity of a memory reared 
becomes as follows. 

C =10600*12x(M+l) bits ' ' ' (1) 
„ h ere, M is a value obtained by expressing the interline distance 
b leen the two photodiode arrays using the number of scann.n, 

" OPeiat r 'the sue of each P hoto di o d e is ^ and the 
interline distance between the photodiode arrays is 12 urn, for 
instance, M becomes as follows. 
M-12 um/4 um-3 • • • (2) 
20 As a result, the external memory is required to have a capacrty 
of5 0S300bits. fi scanbeseenfromeguationU, described 
in order to reduce the capacity of the external memory, rt 
is necessary to shorten the interline drstance between the 
photo dioue arrays, thereby reducing the number of scanning 

arr ay and the scanning by the second photodiode array 

Furt her, mechanical scanning is performed in the auxrlrary 
scanning direction, so that there also exists a phenomenon called 



••color drift". Assuming that scanning drift Y having the same 
am ount occurs each time a scanning operation is performed, for 
instance, the total amount of drift occurring between the 
scanning by the first photodiode array and the scanning by the 
5 second photodiode array becomes as follows. 
YA=M* Y • • ■ (3) 

As can be seen from this Eguation .3), in order to reduce the 
color drift, it is necessary to shorten the interline distance, 
thereb y reducing the number of scanning operations performed 

v. >h . first ohotodiode array and the 
.0 between the scanning by the first pnoc 

scanning by the second photodiode array. 

Further, as can be seen from HG. 2, factors generate 
t his interline distance M are the total . width of two 
polycrystalline silicon electrodes constituting the abutter 
15 ga tes and the N -type region constituting the shutter drain. 

. m=np o en sor is produced using this 
When a color linear image sensor is v 

lin ear image sensor, it is apparent due to the same reason as 
ab ove that when interline distances among respective colors are 
shortened, the number of scanning operations performed between 

* f i rst color and the scanning for the third 

20 the scanning for the first color 

color is reduced. As a result, it becomes apparently possrble 
to reduce a capacity of a memory used and to suppress an influence 
of the color drift. 
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SUMMARY OF THE INVENTION 
The present invention has been made in order to solve the 
problems described above, and provides a linear image sensor 
in which the number of scanning operations performed in the 



auxiliary scanning direction to obtain image data for one line 
1. reduced by reducing a layout area. With such a linear image 
sensor, it beco.es possible to reduce the capacity of a memory 
used and to suppress the influence of the color drift. 

According to a first constructionof the present invention, 
a linearise sensor includes: photodiode arrays; and a shutter 
structure providedparallel to the photodiode arrays , the shutter 
structure having: a shutter electrode: and a shutter drain 
provided below the shutter gate electrode constituting the 

10 shutter structure. 

in the linear image sensor according to the first 
construction of the present invention, the number of the 
ph otodiode arrays may be set at one. Further, an upper portion 
' o£ the shutter drain may be covered with the shutter gate 

15 electrode. 

Accordingtoasecondconstructionofthepresent invention, 

a linear image aensor includes: photodiode arrays: and a abutter 
structure provided between the photodiode arrays, the shutter 
structure having: a shutter gate electrode; and a shutter drain 
20 provided below the shutter gate electrode. 

Further, in the linear image sensor according to the second 
construction of the present invention, an upper portion of the 
shutter drain may be covered with the shutter gate electrode. 
According to a third construction of the present invention, 
25 a linear image sensor includes: a photodiode array; a readout 
ga te provided parallel to the photodiode array on one side of 
th e photodiode array; a CCD shift register provided parallel 
to the readout gate; an output circuit provided for output from 
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the CCD shift register; and a shutter structure provided parallel 
to the photodiode array on the other side of the photodiode array, 
the shutter structure having: a shutter gate electrode that is 
provided parallel to the photodiode array on the other side of 
the photodiode array; and a shutter drain provided below the 

shutter gate electrode. 

According to the present invention, the number of shutter 
gates provided between photodiodes is reduced from two as in 
the case of the conventional technique to one (cordon electrode) , 
and an N -type region constituting a shutter drain is provided 
below the shutter gate. Also, even if only one photodiode array 
is used, the shutter drain is provided below the shutter gate, 
thereby capable of reducing a layout pattern area required to 
achieve a shutter structure. 

With the construction of the present invention, in a linear 
image sensor in which a shutter structure is provided between 
photodiode arrays, the distance between the photodiodes rs 
shortened, thereby reducing the number of scanning operates 
performed in the auxiliary scanning direction necessary to obtain 
image data for one line. With such a construction, it becomes 
possible to reduce the capacity of a memory used and to suppress 
the influence of the color drift. 

BRIEF DESCRIPTIO N OF THE DRAWINGS 
Preferred embodiments of the present invention will be 
described in detail based on the following figures, wherein: 
FIG. 1 is a schematic plan view showing a layout of a linear 
image sensor according to a conventional example; 
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FIG. 2 is a cross-sectional view taken along the line C-C 
of FIG . 1 and is a channel potential distribution diagram thereof ; 

FIG. 3 is a graph illustrating output characteristics of 
an operation of the liner image sensor shown in FIG. 1; 

FIG. 4 is an operating waveform diagram illustrating 
operation timings of the linear image sensor shown in FIG. 1; 

FIG. 5 is a schematic plan view showing a layout of a linear 
image sensor according to a first embodiment of the present 
invention; 

FIG. 6 is a cross-sectional view taken along the line A- A 1 
of FIG . 5 and is a channel potential distribution diagram thereof; 

FIG . 7 is a schematic plan view showing a layout of a linear 
image sensor according to a second embodiment of the present 

invention; and 

FIG. 8 is a cross-sectional view taken along the line B-B' 
of FIG . 7 and is a channel potential distribution diagram thereof . 



mlJ1I ^ OF THE PREFERRED__EMBODIMENTS 

Embodiments of the present invention will now be described 
20 in detail with reference to the accompanying drawings. 

<First Embodiment> 

FIG. 5 is a schematic plan view showing an overall layout 
of a linear image sensor according to a first embodiment of the 
25 present invention, and FIG. 6 is a cross-sectional view taken 
along the broken line A -A' of FIG. 5. In this embodiment, a 
construction of a conventional example shown in FIGS. 1 and 2 
is changed so that two shutter gate electrodes 105a and 105b 
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that are respectively provided adjacent to photodiode arrays 
101a and 101b are replaced with a single common shutter gate 
electrode 5, and a shutter drain 106 existing between the shutter 
gate electrodes 105a and 105b is replaced with a shutter drain 
6 provided below the shutter gate electrode 5. Other 
constructions are the same as those of the conventional example . 

The construction of this embodiment is obtained by, first, 
forming a P-well 8 through injection of P-type impurities into 
an N-type silicon substrate 7. Then, on the P-well 8, there 
are provided photodiode arrays la and lb that are each formed 
of an N-type region 11 and a P-type region 12, readout gates 
2a and 2b and the shutter gate 5 that are each formed of a 
polycrystalline silicon electrode 14b, CCD shift registers 3a 
and 3b that are each formed of a polycrystalline silicon electrode 
14a and an N-type region 10, and the shutter drain 6 formed of 

an N-type region 15. 

Further, in FIG. 6, reference numeral 9 denotes P-type 
regions that are each an element isolation region, numeral 13 
a thermal oxidation film, and numeral 16 an interlayer insulating 
film. Here, a metallic wiring made of aluminum or the like for 
supplying an input clock signal to each of the polycrystalline 
silicon electrodes 14a and 14b is omitted because the metallic 
wiring is not required for explanation of the present invention. 

An operation of this embodiment will be described next. 
First, electric charges photoelectrical^ converted by and 
accumulated in each photodiode of the photodiode arrays la and 
lb are readby the readout gates 2a and 2b into CCD shift registers 
3a and 3b that are respectively adjacent to the readout gates 
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2a and 2b . The electric charges read into the CCD shift registers 
are sequentially transferred by the CCD shift registers that 
perform two-phase (01, 02) driving, and are outputted to the 
outside by output circuits 4a and 4b. The output circuits 4a 
and 4b are each formed of a signal charge detection unit and 
an analog circuit such as a source follower circuit or an inverter . 
Here, the signal charge detection unit is formed of a floating 
diffusion region and, converts signal charges into a signal 
voltage . 

On the other hand, the shutter gate 5 is positioned on 
a side opposite to the readout gates 2a and 2b with the photodiode 
arrays la and lb in-between, and discharges the electric charges 
photoelectrical^ converted by and accumulated in each 
photodiode of the photodiode arrays la and lb to the shutter 
drain 6, thereby performing adjustment of an accumulation time 
period. 

in the conventional construction, the two shutter gate 
electrodes 105a and 105b are provided and the shutter drain 
structure 106 is provided between these shutter gate electrodes 
105a and 105b. Therefore, a lower limit of a space between the 
two photodiode arrays 101a and 101b is determined by a sum of 
the minimum total width of the two polycrystalline silicon 
electrodes 105a and 105b constituting the shutter gates and 
the minimum space between the polycrystalline silicon electrodes 
105a and 105b. When the minimum width of each polycrystalline 
silicon electrode is 3.0 urn and the minimum space between the 
polycrystalline silicon electrodes is 1.0 pm, for instance, the 
space between the photodiode arrays 101a and 101b becomes 
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"3.0x2+1.0=7.0 um". 

In contrast to this, in this embodiment, the shutter gate 
electrode 5 is set to be a common electrode and the shutter drain 
structure (6) is provided below the shutter gate electrode 5, 
so that the space between the two photodiode arrays la and lb 
is determined only by the minimum width of the polycrystalline 
silicon electrode 5 constituting the shutter gate. In the case 
of the example described above, the space between the photodiode 
arrays la and lb becomes 3 . 0 urn, which makes it possible to realize 
the same shutter structure with a layout area reduced to one 
half or less. 

With this construction, the number of scanning operations 
performed in theauxiliary scanning directionnecessary to obtain 
image data for one line can be reduced. As a result, it becomes 
possible to reduce a capacity of a memory used and to suppress 
an influence of color drift. 



<Second Embodiment> 

FIG. 7 is a schematic plan view showing an overall layout 
of a linear image sensor according to a second embodiment of 
the present invention, and FIG. 8 is a cross-sectional view taken 
along the broken line B-B' of FIG. 7. In these drawings, the 
same construction elements as those of FIGS. 5 and 6 are given 
the same reference numerals. As can be seen from FIGS. 7 and 
8, the second embodiment differs from the first embodiment in 
that only one photodiode array 1 is provided. 

That is, the photodiode arrays la and lb are replaced with 
the photodiode array 1, the readout gates 2a and 2b are replaced 
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with a single readout gate 2, the CCD shift registers 3a and 
3b are replaced with a single CCD shift register 3, and the output 
circuits 4a and 4b are replaced with a single output circuit 
4. Also, a single shutter gate 5 and a single shutter drain 
6 are provided. The same operation as that of the first 
embodiment is performed in this embodiment. 

When a color linear image sensor is constructed using the 
linear image sensor of the second embodiment , it becomes possible 
to reduce interline distances among respective colors, 
which makes it possible to reduce the number of scanning 
operations performed in the auxiliary scanning 
direction necessary to obtain image data for one line. As a 
result, it becomes possible to reduce the capacity of a memory 
used and to suppress the influence of the color drift. Also, 
when line spaces among respective colors are kept the same, the 
layout pattern area for other portions such as photodiodes, the 
readout gate, and the CCD shift register can be increased. 

As described above, with the construction of the present 
invention, the shutter drain constituting the shutter structure 
is provided below the shutter gate, so that the layout pattern 
area for the shutter structure can be reduced and the number 
of scanning operations performed in the auxiliary scanning 
direction necessary to obtain image data for one line can be 
also reduced. Consequently, an effect is provided in that it 
25 becomes possible to reduce the capacity of a memory used and 
to suppress the influence of the color drift. 

Further, when the color linear image sensor is constructed 
using the linear image sensor according to the second embodiment , 
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it becomes possible to shorten the interline distances among 
the respective colors, which reduces the number of scanning 
operations performed in the auxiliary scanning 
direction necessary to obtain the image data for one line. 
Consequently, the capacity of a memory used can be reduced and 
the influence of the color drift can also be suppressed. Also, 
when the line spaces among the respective colors are kept the 
same , an effect is provided in that it becomes possible to increase 
the layout pattern area for other portions such as the photodiodes, 
the readout gate, and the CCD shift register. 



